Introduction. In sub-Saharan Africa (SSA), there is a significant burden of ischemic stroke (IS) and hemorrhagic stroke (HS), although data on risk factors for each type are sparse. In this systematic review we attempt to characterize the risk factors. Methods. We systematically reviewed (PubMed, EMBASE, WHOLIS, Google Scholar, Wiley online, and the Cochrane Central Register of Controlled Trials (CENTRAL)) case-control studies and case series from 1980 to 2016 that reported risk factors for IS and/or HS in SSA. For each risk factor we calculated random-effects pooled odds ratios (ORs) for case-control studies and pooled prevalence estimates for case series. Results. We identified 12 studies, including 4,387 stroke patients. Pooled analysis showed that patients who had diabetes (OR = 2.39; 95% CI: 1.14-5.03) and HIV (OR = 2.46 (95% CI: 1.59-3.81) were at a significantly greater risk of suffering from all stroke types. There were insufficient data to examine these factors by stroke type. Among case series, the pooled prevalence of hypertension was higher for HS than for IS (73.5% versus 62.8%), while diabetes mellitus (DM) and atrial fibrillation (AF) were more prevalent among IS compared to HS (15.9% versus 10.6% and 9.6% versus 2.3%, respectively). Conclusions. There remain too few data from SSA to reliably estimate the effect of various factors on the risk of IS and HS. Furthermore, the vast majority of cases were identified in hospital and so are unlikely to be representative of the totality of stroke cases in the community.
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For example in Uganda, Ethiopia, and Zambia, some crosssectional studies have shown a prevalence of stroke risk factors typical of countries in sub-Saharan Africa [13] [14] [15] [16] [17] . Similar trends were found in Sierra Leone, Tanzania, Kenya, Zimbabwe, Ethiopia, and Nigeria where hypertension was established to be the most common stroke risk factor, followed by diabetes mellitus, smoking, and alcohol intake [8, 12, [18] [19] [20] [21] [22] .
However, there are relatively few data from SSA that examine risk factors for stroke and in particular for HS and IS separately. Here, we systematically review the available data, thereby summarizing what is known and highlighting gaps in knowledge on a continent that is undergoing rapid epidemiological transition.
Methods

Eligibility Criteria.
Articles which were included in the review met the following inclusion criteria: (1) cohort, casecontrol, cross-sectional, or randomized control trial study design; (2) studies reporting risk factors for HS and IS with effect measures and 95% confidence intervals and used multivariable data analysis; (3) studies with data collected among adult patients aged 18 years and older; (4) studies conducted in SSA countries; (5) studies whose participants were clinically diagnosed with stroke as defined by the WHO criteria; (6) where stroke subtype was classified, it was by computer tomography (CT), magnetic resonance (MR), and brain imaging or necropsy; (7) articles published in English from 1980 to 2016; (8) studies from both community and hospital-based settings of first-ever as well as recurrent stroke.
The exclusion criteria were as follows: (1) the original article did not have relevant information on risk factors for HS and IS; (2) duplicate report; (3) results presented only as abstracts; (4) population not living in SSA; (5) studies including children; (6) studies with unclear or no available information on risk factors in all stroke or individual stroke types or data inconsistencies. Full text/papers were sought for all studies appearing to meet the inclusion criteria based on screening of the abstract, and a final selection was made by two independent reviewers. Figure 1 shows a flow chart which was produced to facilitate transparency of the process.
Search
Strategy. Standardised and well described methods were used in this systematic review [23] . Briefly, a search strategy was developed after identification of the relevant Medical Subject Headings (MESH), keywords, and their synonyms. The searches were conducted in six main databases: PubMed, EMBASE, WHOLIS, Google Scholar, Wiley online, and CENTRAL.
The search strategy for PubMed: the key words which we used in our search included terms describing stroke, terms describing age, terms describing the SSA countries, and terms describing risk factors as shown in the search strategy as follows:
( The search yielded 617 abstracts. All abstracts were screened, and we assessed full papers of all abstracts meeting the inclusion criteria. We reviewed all relevant articles in English from 1980 to 2016. Stroke was defined as "rapidly developing clinical signs of focal, or at times, global disturbance of cerebral function, lasting more than 24 hours or leading to death with no apparent cause other than vascular origin" [2] as per the WHO criteria. An additional search was conducted in reference lists of relevant studies, journals, theses, and conference proceedings to identify publications that could have been omitted in the database searches.
Study Selection.
Two review authors (GN, AK) independently screened titles and abstracts of records obtained from the electronic searches and excluded those that were obviously irrelevant. We obtained the full text of the remaining studies and selected those for inclusion according to the above criteria. If any methodological question raised doubts about whether the study met the inclusion criteria, we contacted the study authors for clarification. If there was disagreement regarding the selection of studies, we attempted to reach a consensus. We recorded reasons for exclusion (Figure 1) .
Data Extraction and Quality
Assessment. Data were extracted from identified studies using a structured form by the primary reviewer (GN). A second reviewer (AK) independently checked the data extraction forms for accuracy and detail. We extracted the following information: (1) general information such as author, date of publication, and country; (2) study duration and sample size; (3) total number of participants, gender, and stroke type; (4) risk factors for stroke such as hypertension, DM, smoking, alcohol use, dyslipidaemia, HIV infection, and hypercholesterolemia. Two investigators (GN and OK) independently evaluated the methodological quality and risk of bias of eligible studies by using the Newcastle-Ottawa scale [28] and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [23] . The studies were assessed on selection bias, definition of cases and controls, representativeness of the cases and controls, comparability of cases and controls, and ascertainment of exposure. Disagreements between two authors were resolved by discussions and if this was not possible, another senior investigator (RN) was consulted and participated in the discussions until consensus was reached.
Statistical Analyses.
For each risk factor, where data were available from more than one study, we performed metaanalyses. We calculated study-specific odds ratios and pooled prevalence in HS and IS patients with 95% confidence intervals (CIs) separately. We used a random-effects model for meta-analyses since there was evidence of heterogeneity [29] . Heterogeneity among studies was assessed visually with a forest plot and quantitatively with the 2 index. The threshold of heterogeneity was set at 2 ≥ 50%. All meta-analyses were performed with STATA version 12.0 and REVMAN. Statistical significance was set at ≤ 0.05. To assess whether pooled prevalence and ORs for each risk factor comparison differed between HS and IS, we assessed between-group heterogeneity, using the within-group pooled estimates and their standard errors.
Results
The literature search identified 617 publications from PubMed (330), EMBASE (1), WHOLIS (61), CENTRAL (18) , Google scholar (36) , and Wiley online (171). Additional 6 studies were included from reference lists of relevant publications. Five hundred and sixty-two (562) studies remained after removing 61 duplicates. After screening the titles and abstracts for relevance, 532 studies were excluded (19 were systematic reviews, 40 were among participants < 18 years, and 473 studies did not report data either on ischemic or hemorrhagic stroke risk factors separately) giving a total of 30 full texts that were assessed. After applying quality criteria, another 18 were excluded which did not have enough information on risk factors for hemorrhagic and ischemic stroke. A total of 12 studies were finally retained for the review. A summary of the selection process is shown in Figure 1 .
Characteristics of the Case-Control Studies Included in
the Meta-Analysis. There were five case-control studies [8, 12, [30] [31] [32] included in the final meta-analysis. Three [30] [31] [32] were single centre studies, while two [8, 12] were multicentre studies. All were matched case-control studies and reported information on more than one risk factor. The sample size ranged from 163 to 646. The total sample size from all retained studies was 2,384. Four studies used computed tomography (CT) scan for case ascertainment to confirm diagnosis while one study [30] used clinical assessment. Three studies reported information on the association between hypertension and stroke: four on diabetes and stroke, four on alcohol use and stroke, four on smoking and stroke, three on HIV infection and stroke, and two on hypercholesterolemia and stroke. Of the 5 studies, only one reported risk factors for HS and IS separately. Table 1 summarizes the characteristics of the included studies.
Characteristics of Case Series Included in the Quantitative
Synthesis. Seven studies [15] [16] [17] [24] [25] [26] [27] were included in the final synthesis. All were conducted in hospital-based settings. The total sample size from all retained studies was 2003 with the mean of 286 (SD 195 ) and the median of 250 (IQR 139, 432). The pooled mean age for HS was 53.84 (SD 2.42) while the mean age for IS was 58.7 (SD 6.1). All seven studies used CT scan for case ascertainment to confirm diagnosis, two studies [26, 27] used both MRI and CT scan, while only one study [24] used both CT scan and necropsy. All seven studies reported risk factor data for HS and IS, but only one [17] also reported other risk factor data on TIA and other stroke types (Table 2) .
Analysis of Case-Control
Studies. Among five casecontrol studies [8, 12, [30] [31] [32] , we examined six risk factors for stroke: hypertension, DM, alcohol use, HIV infection, smoking, and hypercholesterolemia. These were risk factors with data available from more than one study. These five showed moderate to substantial heterogeneity between studies; hence random-effects models rather than fixed-effects were used to pool the ORs. A meta-analysis of risk factors for all stroke is summarized in Figure 2 . Only one study [8] reported data on risk factors for HS and IS separately and so we could not perform a meta-analysis [33] . The risk factor associations with stroke are summarized in Table 3 .
Diabetes Mellitus.
Four studies [8, 12, 31, 32] reported relevant data on DM and its association with all stroke. Of these, only one study [8] assessed the associated risk of diabetes with HS and IS. Using a random-effects model, the pooled OR was 2.39 (95% CI: 1.14-5.03) for all strokes. There was substantial heterogeneity among studies (I 2 = 68.0). One study [8] reported that DM was associated with an increased risk of IS (OR = 1.60; 99% CI: 1.29-1.99) compared to HS.
Alcohol Use.
The effect of alcohol use on stroke risk was reported in four studies [8, 12, 31, 32] . Only one study [8] reported the risk on HS and IS. There was substantial heterogeneity among studies (I 2 = 74.0%) in study effect size estimates. Using a random-effects model, the pooled OR was 1.26 (95% CI: 0.68-2.35). However one study [8] reported that history of alcohol intake of 1-30 drinks per month was associated with a reduced risk of IS (OR = 0.79; 99% CI: 0.63-1.00), while, for intracerebral HS, the risk increased with alcohol intake (OR 2.01; 99% CI: 1.35-2.99).
3.6.
Smoking. Four studies [8, 12, 31, 32] reported relevant data on smoking and its effect on all stroke risk and again, only one [8] reported the risk with HS and IS. In the analysis both current and ever smoking were considered. There was considerable heterogeneity among studies (I 2 = 68.0). Using a random-effects model the pooled OR was 1.02 (95% CI: 0.59-1.79). However one study [8] reported that smoking was associated with an greater risk of IS (OR 2.33, 99% CI, 1.91-2.81) compared to HS (OR 1.45, 99% CI, 1.07-1.96).
HIV Infection.
Three studies [12, 30, 32] reported relevant data on HIV infection and its association with all stroke. There was moderate heterogeneity among studies (I 2 = 31.0%). The pooled OR was 2.46 (95% CI: 1.59-3.81).
Hypertension.
The risk of stroke with hypertension was reported in three case-control studies [8, 12, 32] ; only one study [8] reported data on the risk with HS and IS. There was considerable heterogeneity among studies ( 2 = 89.0%) in study effect size estimates and random-effects pooled OR was 1.66 (95% CI: 0.78-3.55). One study [8] reported that selfreported hypertension or high blood pressure > 160/90 mm Hg was the strongest risk factor for all stroke (OR = 3.80; 99% CI: 3.33-4.54), but more so for HS (OR = 9.18; 99% CI: 6.80-12.39) than for IS (OR = 3.14; 99% CI: 2.67-3.71).
3.9.
Hypercholesterolemia. Two studies [12, 32] assessed the risk of hypercholesterolemia and all stroke. Using a fixedeffects model, the pooled OR was 1.18; 95% CI: 0.85-1.63. There was no heterogeneity among studies (I 2 = 0.0%).
Analysis of the Case Series.
Because there were insufficient data from case-control studies to examine risk factors Journal of Tropical Medicine 
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Heterogeneity: TaＯ for hemorrhagic and ischemic stroke separately, we performed additional quantitative analyses using seven hospitalbased descriptive studies [15] [16] [17] [24] [25] [26] [27] . These studies were only reporting prevalences of risk factors for HS and IS cases. We examined seven risk factors for HS and IS which included hypertension, DM, AF, alcohol use, HIV infection, smoking, and hypercholesterolemia. These were risk factors with data available from more than one study. The overall pooled prevalence of IS was 61.4% while HS was 33%. The pooled prevalence of hypertension was higher for HS than for IS (73.5% versus 62.8%), while DM and AF were more prevalent among IS compared to HS (15.9% versus 10.6% and 9.6% versus 2.3%, respectively). The summary of the pooled prevalences for HS and IS by selected risk factors for stroke is summarized in Table 4 .
Discussion
There remain too few data from SSA to reliably estimate the effect of various factors on the risk of IS and HS. In this review, we identified only five case-control studies from SSA that reported information on risk factors for all stroke. Only one study reported data on IS and HS risk factors separately. Furthermore, the vast majority of cases were identified in hospital and so are unlikely to be representative of the totality of stroke cases in the community. Only 31 cases from Asiki et al. and 200 from Walker et al. were community based [12, 30] . Further work should include stroke cases identified within the context of management of predominant stroke risk factors such as diabetes and hypertension which can be improved considering the optimal drug regimens available.
Interventions targeting accessibility to screening, treatment and sociocultural aspects of health should be considered.
In line with previous research, this review showed that DM is a risk factor for all stroke, but it is more prevalent among those with IS than with HS. Data from previous research has also demonstrated similar findings [8, [34] [35] [36] [37] . The INTERSTROKE study was a landmark case-control study, which confirmed that nine modifiable risk factors, including DM, account for approximately 90% of the population's attributable risk for stroke in all regions of the world including SSA [8] . Several other epidemiologic studies [38, 39] have indicated an independent association between DM and IS with a twofold to sixfold increased risk. Diabetes is major risk factor for the development of atherosclerosis and the excess risk of stroke in patients with diabetes is about four times higher when compared with normal individuals in a general population [40] . Poorly controlled diabetes has been shown to contribute to poor outcome in stroke patients [20] . With majority of the diabetic patients living in the developing world, prevention and control of diabetes is becoming a major public health priority [41] . World Health Organization reports [42] have called for more resources to be spent on vascular risk factor reduction in low-income countries and for the development of new ways to provide preventive care.
Results from our study suggest that HIV is a risk factor for all stroke, although it is more prevalent among those with IS rather than HS. A similar finding was observed in a study from Malawi [43] . In Tanzania, the overall prevalence of HIV infection among patients presenting with stroke was 20.9% [44] . It is well recognized that both HIV infection and antiretroviral therapy (ART) could potentially increase an individual's risk of stroke [45] . Given the epidemic of HIV infection and the increasing burden of stroke in SSA, we need large, well designed interventions to control the epidemic, together with integration of care for noncommunicable diseases (NCD) into HIV care programmes.
In the limited data presented here, hypercholesterolemia, smoking, alcohol use, male gender, and hypertension were not significantly associated with stroke. The difference in the pooled prevalences for HS and IS among patients with hypertension, DM, and atrial AF was statistically significant at the 5% level. We did not have any information on the pack years in the studies we analyzed. However, according to previous research, the longer and heavier a person's smoking habit, the higher the risk of stroke [46] . The relationship between the amount of smoking and stroke risk is strongest for ischemic stroke [47] . Although we did not find a significant association between hypertension with all stroke, numerous studies [24, 26] have documented this relationship, and it is consistent throughout SSA. Thus, hypertension is a key risk factor for both HS and IS [9, 48] . Populations in SSA appear to be more at-risk of developing hypertension and subsequent stroke compared to the western world [8, 49] . This difference could be accounted for by a combination of factors, including inadequate funding and lack of infrastructure which often impair diagnosis, screening, treatment and control of hypertension in SSA [9, 50] .
Limitations
Our study has several potential limitations. We could not report the comparative importance of risk factors for HS and IS in SSA because of lack of published data. All included studies in this review were limited to English only from 1980 to 2016, so we may not have included all relevant studies despite our comprehensive search strategy. Other limitations pertain to the quality of the evidence provided by the included studies. Moderate to considerable heterogeneity existed among the studies included in the outcome analysis and all but two of the studies were hospital-based and may not be representative of the totality of stroke in the community. In Tanzania, only a small proportion of stroke cases [12] get to hospital. This highlights the biases associated with hospital-based studies in SSA.
Conclusions and Recommendations
There remain too few data from SSA to reliably estimate the effect of various factors on the risk of IS and HS. Furthermore, the clear majority of cases were identified in hospital and so are unlikely to be representative of the totality of stroke cases in the community. Further work should include stroke cases identified within the context of management of predominant stroke risk factors such as diabetes and hypertension which can be improved considering the optimal drug regimens available. Interventions targeting accessibility to screening, treatment, and sociocultural aspects of health should be considered.
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